Tianjin, and from 1,009.61 billion Yuan to 2,942.12 billion Yuan in Hebei [1] . In virtue of rapid economic development and its special location, the BTH region is attracting more and more attention. Currently, haze has become the worst atmospheric pollution problem in China. As a result of this phenomenon, there fewer than 1% over the 500 biggest cities have the power to reach the air quality standards proposed by the World Health Organization in China, and seven cities among them, which are located in the BTH region, join the ranks of the 10 most polluted cities in the world. The serious haze has terrible adverse effects on economic development in the BTH region and on people's health. Energy consumption in the BTH region of China based on the China Statistical Yearbook is rising at an annual growth rate of 5.23%, a transition from 134.61 million tons to 192.27 million tons, on the scope of 2005-12 [2] . The reasons for this phenomenon are in particular combustion of a great quantity of fossil fuels such as coal and oil, and inappropriate production modes and lifestyles. Therefore, it is of great significance to improve regional energy efficiency and carry out the work of energy conservation and emission reduction to analyze rationally the differences of energy efficiency and influencing factors in the BTH region.
Nowadays, the index decomposition analysis approach, namely IDA, has been proverbially employed to probe into the factors affecting energy consumption growth [3] . Plenty of scholars have adopted the index decomposition analysis (IDA) [4] [5] [6] . For instance, Ang et al. emerged from the development and utilization of IDA methods and introduced another method called the logarithmic mean divisia index (LMDI) for a lot of applications [7] [8] [9] . In addition, some researchers have conducted a multitude study on carbon emissions by using structural decomposition analysis (SDA) [10] [11] [12] . LMDI, adopted for the decomposition of multiple factors, has the power to deal with zero residual errors and imperfect data sets, so energy consumption can be decomposed quantitatively into an array of factors [3, [8] [9] 13] . Zhang et al. explored the changes of carbon emissions in Beijing province and found that energy intensity plays a major role in reducing carbon emissions [14] . Shao et al. investigated the primary factors governing carbon emissions related to energy consumption from industry in Tianjin and determined that the improvement of energy efficiency is the most effective way to achieve energy conservation and emission reductions in industry [15] . In addition, a few scholars have analyzed the specific influence of various factors on carbon emissions based on the regional change [16] [17] [18] [19] . Ang et al. and Wang et al. have pointed out that carbon emissions are principally caused by economic growth with the LMDI decomposition approach [20] [21] . Wen et al. analyzed influencing factors of China's energy-related CO 2 emissions by using an extended STIRPAT model [22] . Zhou et al. discussed energy efficiency of seven areas in China as well as carbon emissions manufactured in virtue of thermoelectric power generation [23] . Balezentis employed the LMDI method to deliberate the factors dominating the Lithuanian energy intensity [24] .
Wen and Liu employed the extended STIRPAT model to research the future footprint of CO 2 emissions in the BTH region [25] . Lin et al. probed into what factors influenced fossil fuel demand by using the LMDI method and assessed the potential space of fossil fuel conservation [26] . Currently, there are mainly two types of research on energy efficiency in China: some papers have emphasized formulating policy in one industrial sector [27] [28] [29] while others have explored measures and suggestions in one region [30] [31] [32] . Moreover, technological innovation mirrors the phenomenon that one company has the ability to produce a commodity by consuming minor energy [33] [34] .
The majority of existing literature is widely concentrated in the analytical level of carbon emissions and carbon emission intensity. Nevertheless, there is seldom research specializing in regional energy efficiency from various sectors in the BTH region. This paper makes decomposition analysis of factors affecting energy efficiency in diverse provinces in the BTH region, and we decompose energy efficiency into carbon productivity effect, carbon emission coefficient effect, energy structure effect, energy intensity effect, economic output effect, and reciprocal effect of per capita energy consumption within the scope of 2005-12 in the BTH region of China by applying LMDI, which not only can overcome the uniqueness of decomposition, but also generate in-depth analysis on the impact factors governing energy efficiency in different areas and diverse sectors. Under the background of BTH regional integration, this research provides a scientific basis for policymakers to lay down pertinence measures of regional energy saving and emission reduction so as to speed up the achievement of China's 12 th Five-Year Plan goal of energy intensity slashes of 16% compared with 2010, and "China's carbon emissions per unit of GDP would be reduced by 60-65% in 2030 from the 2005 level, the share of non fossil energy accounting for about 20% of primary energy consumption."
The remaining portion of this study is arranged as follows: Section 2 introduces the extended logarithmic mean divisia index approach, Section 3 concisely states the data sources in this study, Section 4 expounds on the comprehensive decomposition results and discussion, and Section 5 sums up the principal conclusions and comes up with a series of pertinent policy suggestions.
Methodology
Yoichi Kaya first came up with the following Kaya identity in order to decompose carbon emissions:
…where C means carbon emissions, E represents the whole energy consumption, GDP denotes gross domestic product, and P expresses population scale.
According to the definition of energy efficiency, we record I as energy efficiency, namely,
For the convenience of research on energy efficiency in different sectors and various areas, this paper has decomposed energy efficiency into carbon productivity effect, carbon emission coefficient effect, energy structure effect, energy intensity effect, economic output effect, and reciprocal effect of per capita energy consumption six factors. Due to the Kaya identity being just appropriate for general research of one state or area, we have improved the Kaya identity as follows:
…where I mirrors energy efficiency, Q means regional economic output, E shows regional energy consumption, Q ij reflects economic output of sector j in region i, C ij indicates carbon emissions of sector j in region i, E ij illustrates energy consumption of sector j in region i, E i represents energy consumption in region i, Q i expresses economic output in region i, and P i denotes population in region i. We adopt the following simplified equation to describe regional energy efficiency:
We give the following specific definition within the above equation.
denotes the economic output of per unit carbon emissions of sector j in region i, i.e., the carbon productivity effect.
denotes the carbon emission coefficient of sector j in region i, i.e., the carbon emission coefficient effect. …where ΔI illustrates the change of energy efficiency, ΔI Y represents carbon productivity effect, ΔI R denotes carbon emission coefficient effect, ΔI e indicates energy structure effect, ΔI K reflects energy intensity effect, ΔI H expresses economic output effect, and ΔI M means reciprocal effect of per capita energy consumption. This research makes the decomposition on regional energy efficiency by introducing the LMDI method [3, 9, 13] and the detailed results are depicted as follows: (I , I ) ln
(I , I ) ln
Furthermore, we mold parameter L:
Meanwhile, the following constraints under which these equations should be executed are:
Empirical Results and Discussion

Data Source
This study analyzes energy efficiency in the BTH region of China in the scope of 2005-12 at length. Since 2005 saw the start of the 11th Five-Year Plan, energy consumption has risen sharply along with high-speed economic development. Hence, 2005, as the representative timing for this study on regional energy efficiency, is considered the standard year. Meanwhile, considering the availability of the latest year data from the statistical yearbook, we take 2012 as a comparison.
Taking the category of sectors and energy from the 2005-13 China Statistical Yearbooks [2] , this paper discusses energy consumption from coal, coke, crude oil, gasoline, kerosene, diesel oil, fuel oil, and natural gas in different industrial sectors, including agriculture; industry; construction; transportation, storage, and postal services; wholesale retail trade and food services; and other sectors in various regions.
The relevant data with GDP, regional population, regional economic output, and regional sectoral energy consumption are employed from the China Statistical Yearbook and China Energy Statistical Yearbook [2] . We provide the uniform standards in the process of calculation. For instance, the GDP and regional economic output are measured in billions of yuan at constant 2005 levels. The energy consumption units from all sectors are unified as millions of tons of standard coal, and energy consumption in all sectors are turned into ton coal equivalents (tec) based on the Intergovernmental Panel on Climate Change (IPCC) [35] . Table 1 represents carbon dioxide emission coefficients from various fossil fuels.
As illustrated in Fig 1, , and yet continuously increases subsequently, especially in the period of 2010-12, which rises dramatically at the average annual growth rate of 10.38%. However, in spite of the maximal initial value of energy efficiency in Hebei, it shows the minimum average annual growth rate of 4.03%, an increase from 0.4606 million yuan/tce in 2005 to 0.6074 million yuan/ tce in 2012. As a whole, overall energy efficiency in the BTH region, which exhibits an annual average growth rate of 9.38% (from 0.3125 million yuan/tce in 2005 to 0.5853 million yuan/tce in 2012), has been on an upward trend apart from 2007-08. Seen from above, the major reason why overall energy efficiency in the BTH region rises slowly is that energy efficiency in Hebei has always seen a sluggish growth rate. The annual average growth rate of energy efficiency in Beijing is about 3.8 times as much as that of Hebei, while in Tianjin it is 2.6 times that of Hebei. Therefore, if we intend to improve the overall energy efficiency in the BTH region, it is necessary to emphasize rising energy efficiency in Hebei province.
Energy Situation of the Beijing-Tianjin-Hebei Region
Energy consumption in the BTH region of China grows dramatically along with the rapid development of China's economy. The specific energy consumption in the BTH region of China over the period of 2005-12 is exhibited in Table 2 and Fig. 2 .
As described in Fig. 2 , energy consumption in the BTH region takes on a yearly ascending trend. To be more specific, energy consumption in Beijing rises from 
Decomposition Analysis
According to the LMDI decomposition formula [10] , we figured out the different contribution values of carbon productivity effect, carbon emission coefficient effect, energy structure effect, energy intensity effect, economic output effect, and reciprocal effect of per capita energy consumption for energy efficiency in the BTH region over the period of 2005-12, taking two adjacent years as the sample interval. The calculation results are depicted in Table 3 . Table 3 illustrates that carbon productivity effect with the contribution value of 0.4022 personates the paramount positive role on improving energy efficiency in Beijing, followed by the reciprocal effect of per capita energy consumption (0.1767), economic output effect (0.2608), and carbon emission coefficient effect (0.0333), while energy intensity effect with the contribution value of -0.4011 generates the leading negative impact on energy efficiency, followed by energy structure effect (-0.0364). Economic output effect (0.3264) reflects the uppermost positive driving force on energy efficiency in Tianjin, followed by carbon productivity effect (0.2855), energy structure effect (0.0354), and carbon emission coefficient effect (0.0079), whereas energy intensity effect (-0.3238) takes the overriding negative role on energy efficiency, followed by the reciprocal effect of per capita energy consumption (-0.0381). Economic output effect (0.5411) has the principal impact of boosting energy efficiency in Hebei, followed by energy structure effect (0.1828) and carbon productivity effect (0.1492), yet the reciprocal effect of per capita energy consumption (-0.3871) has the largest power-to-rise energy efficiency, energy intensity effect (-0.3369), and carbon productivity effect (-0.0024) following.
As seen in Fig. 3 , it is obvious that the change tendency of each effect in Tianjin, by and large, is basically in line with that of the BTH region. In general, economic output effect has always been in a positive position to progressively push up energy efficiency in different provinces, which leads to the overall variation of energy efficiency in the BTH region to a much greater extent. Besides, the various impact factors appear to have individual differences both in size and property.
On the whole, from the view of regional integrating, economic output effect (0.3807) is the cardinal factor to enhance energy efficiency in the BTH region over the period starting 2005 and ending 2012, followed by carbon productivity effect (0.2579), carbon emission coefficient effect (0.0149), and energy structure effect (0.0078). In contrast, energy intensity effect (-0.2919) manifests the top-drawer influence on restraining energy efficiency while reciprocal effect per capital energy consumption (-0.0966) pertains to the next in importance.
Carbon Productivity Effect
Carbon productivity effect mirrors the industrial GDP per unit of carbon emissions. Fig. 4 reveals the specific Fig. 4 , it is apparent that carbon productivity effect has been engendered the positive (Fig. 4) . Additionally, it is evident that carbon productivity effect with the contribution value of -0.1824 exerted an enormous negative function on energy efficiency in Hebei during 2007-08. Besides, what we can gain is that the GDPs of agriculture, wholesale retail trade, and food services and other sectors in Hebei go from 608.99 billion to 699.77 billion yuan in 2007-08 in line with data analysis, an increase by 14.91%, while carbon emissions run correspondingly from 7.55 million tons to 13.93 million tons, an increase of 84.51%. This phenomenon accounts for the fact that Hebei province puts an emphasis on a rapidly expanding economy rather than dealing with timely environmental degradation caused by carbon emissions, which brings about incremental speeds of carbon emissions being 5.7 times as much as that of GDP, directly leading to low energy efficiency in Hebei.
In summary, our results show evidence that the carbon productivity effect personifies the positive character of boosting the overall energy efficiency in the BTH region during 2005-12 (except for 2008, whose contribution value is -0.0096, due mainly to the lack of regulatory measures on carbon emissions during 2007-08 in Hebei and causing carbon emissions of certain sectors to show a soaring increase).
In short, only by focusing on Hebei can we improve the overall energy efficiency in the BTH region on the basis of the above analysis of carbon productivity effect.
Carbon Emission Coefficient Effect
The carbon emission coefficient effect refers to the share of carbon emissions in the industry over energy consumption. The detailed impact of carbon emission coefficient effect on energy efficiency in each region is demonstrated in Fig. 5 . It is explicit that carbon emission coefficient effect has always taken a negative role on energy efficiency in Beijing in the course of 2006-11. The main reason is that energy consumption of Beijing during this period ascends from 21.67 million tons to 21.97 million tons, while carbon emissions descend from 48.39 million tons to 46.71 million tons. Meanwhile, as Fig. 4 illustrates, we can acquire that the contribution value of carbon emission coefficients during 2011-12 in Beijing is 0.0407. Moreover, according to data analysis, we can also chalk up that energy consumption in Beijing lessens from 21.97 million tons to 20.65 million tons during 2011-12, with a growth rate of -6.01%. Nevertheless, carbon emissions, which has not received relevant control at this stage, are reduced accordingly from 46.71 million tons to 45.65 million tons at -2.28%.
In addition, Fig. 5 shows that the carbon emission coefficient effect has a negative impact on energy efficiency in Tianjin in the scope of 2005-10. Specifically speaking, energy consumption in several sectors covering agriculture, industry, construction and transportation, and storage and postal services goes up tempestuously at an average annual growth rate of 7.20% (from 14.57 million tons to 20.63 million tons), and the corresponding carbon emission rises at an average annual growth rate of 7.55% (from 34.50 million tons to 49.64 million tons) at the same time. Apparently, the growth rate of carbon emissions is greater than energy consumption, which explains adequately why the carbon emission coefficient effect has a positive impact on energy efficiency. Moreover, energy consumption in the remaining sectors increase slightly at an average annual growth rate of 0.13% (from 2.68 million to 2.70 million tons), whereas carbon emissions decrease from 5.76 million to 5.71 million tons -an increase with an average annual growth rate of -0.20%. Seen from the data analysis, owing to the reduction in carbon emissions accompanied by the increase of energy consumption from business and other sectors in Tianjin during 2005-10, the carbon emission coefficient effect produces a negative driving force on energy efficiency in Tianjin. On the contrary, the dominating reason why the carbon emission coefficient effect is positive on energy efficiency in Tianjin during 2010-12 is that carbon emissions rise with an average annual growth rate of 4.58% (from 55.34 million to 60.53 million tons) when energy consumption goes up with the average annual growth rate of 2.58% (from 23.33 million to 24.55 million tons), which indicates that increment speed of carbon emissions is nearly 1.8 times as much as energy consumption.
In accordance with From a regional integration standpoint, the ranging tendency of carbon emission coefficient effect on energy efficiency in the BTH region, an analogous trend of that in Hebei taking shape with various contribution values, can be found thereafter. In particular, the carbon emission coefficient effect acts as a negative part on energy efficiency in the BTH region in the course of 2005-07 and 2008-11, which indicates that carbon emissions in the BTH region grow slower than energy consumption so that we can boost energy efficiency, while in the periods 2007-08 and 2011-12 it was just the opposite. Taking the data analysis during 2011-12, for instance, carbon emissions in the BTH region achieve growth of 0.61% -from 490.59 million to 493.60 million tons -when energy consumption lessens from 193.68 million to 192.27 million tons with a growth rate of 0.72%. In a word, despite the decrease of energy consumption in both Beijing and Tianjin during 2011-12, only Hebei responded to an increase of energy consumption, which leads directly to the overall carbon emissions in the BTH region embodying an upward trend.
In brief, if we intend to improve the overall energy efficiency in the BTH region as soon as possible, we need to pay more attention to command energy consumption in Hebei in order to further reduce carbon emissions based on the analysis of carbon emission coefficient effect.
Energy Structure Effect
Energy structure effect is defined as the ratio of energy consumption in one sector accounting for total energy consumption in all sectors from the province in the paper, and it mirrors immediately the characteristics of regional industry structure. It is thoroughly necessary for some provinces with the diminutive contribution to energy efficiency to speed up energy structure adjustment for rising energy utilization efficiency.
According to the carbon emission coefficient in Table  1 , we can reach a conclusion that there are different carbon emissions from various kinds of energy. As Fig.  6 demonstrates, coal, as the dominating source of energy consumption in the BTH region directly determining the change of overall energy consumption, accounts for more than 75% all the time, followed by oil with 17%, while natural gas is very small in proportion. Since the 11th Five-Year Plan was executed, various areas not only have quickened their steps of economic development, but have also stimulated energy consumption -especially in the period of rapid development of the second industry in the BTH region, as coal consumption has grown by leaps and bounds. The most straightforward reason why energy structure effect has had a negative impact on energy efficiency in the BTH region during 2005-07 is that coal consumption has increased sharply owing to the rapid development of the second industry at this stage. Moreover, the BTH region brings forth a slow-growth trend of energy consumption due to the reduction in coal consumption to a very large extent as a result of the 2008 international finance crisis. -0.0173, -0.0167, and -0.0195, respectively, which illustrates the extremely unreasonable industrial structure in Beijing, particularly industry -which urgently needs to adjust.
In addition, the energy structure effect exerted a positive driving force on energy efficiency in Tianjin during 2006-08 and 2009-10, while the remaining years are just the opposite. We also can gain from the data analysis that the majority of sectors such as agriculture, industry, construction, transportation, storage, postal services, and others in Tianjin in the course of 2005-12 possess positive contribution values at 0.0015, 0.0004, 0.0393, 0.0004, and 0.0732, respectively (except for wholesale retail trade and food services with their negative contribution values of -0.0793). This reflects on the fact that there exists a comparatively rational industrial structure in Tianjin. Furthermore, it can be discovered that the contribution value of industry in Tianjin merely reaches 0.0004, which mirrors it still to be further conducted industry structure adjustment so as to improve energy efficiency.
In addition, the energy structure effect plays a positive role on energy efficiency in Hebei within the scope of 2005-12 (apart from the period of 2005-07). According to data analysis, certain sectors in Hebei covering industry (-0.0001) and transportation, storage, and postal services (-0.0005) produce a negative driving function on energy efficiency while the remaining sectors containing agriculture (0.1440), construction (0.0012), wholesale retail trade, and food services (0.0300) and others (0.0082) have a positive impact. This phenomenon declares that agriculture makes the supreme contribution to boosting energy efficiency in Hebei and it is very necessary for industry to carry out in-depth industry structure adjustment in order to raise energy efficiency.
From a regional integration perspective, energy structure effect plays a positive driving force on the overall energy efficiency in the BTH region during 2007-11, and yet is negative during 2005-07 and 2011-12. Specifically, agriculture (0.0598), construction (0.0310), transportation, storage, and postal services (0.0005) have a positive impact on the overall energy efficiency in the BTH region as seen from the data analysis. Nevertheless, industry (-0.0002), wholesale retail trade, food services (-0.0572), and others (-0.0289) are just the opposite, which accounts for the BTH region having an improper industry structure. For the moment, the government suggests distributing part of industrial enterprises into Hebei on account of the development situation of Beijing in order to regulate industrial structure for the sake of improving overall energy efficiency.
In conclusion, if we want to improve overall energy efficiency in the BTH region, we should emphasize carrying out comprehensive industry structure adjustment in the first place -especially the appropriate distribution of industrial territory in the BTH region.
Energy Intensity Effect
Energy intensity paints the proportion of energy consumption in one sector over economic output and shines upon the economic benefit from energy utilization efficiency. The more detailed decomposition outcomes of energy intensity effects in different provinces during 2005-12 are characterized in Fig. 8 , where we can see that energy intensity effect presented a negative driving force on suppressing energy efficiency in the BTH region from 2005 to 2010. Theoretically speaking, the reduction in energy intensity symbolizes the promotion in energy efficiency, which commonly derives from technological progress. Thus, energy efficiency in each region gets a boost to a large extent immediately.
Combining Table 3 with Fig. 3 , it is clear that the energy intensity effect emerges as the top-drawer negative driving force on energy efficiency with a contribution value of -0.2919. Meanwhile, energy intensity effect also plays the principal negative function in Beijing (-0.4011) and Tianjin (-0.3238). Nevertheless, the foremost negative factor on energy efficiency in Hebei is the reciprocal effect per capital energy consumption (-0.3871), followed by energy intensity effect (-0.3369) and carbon emission coefficient effect (-0.0024).
Furthermore, the energy intensity effect whose contribution value is -0.1130 delineates the leading negative character on energy efficiency in Beijing during 2010-11 (Fig. 8) . More specifically, the energy intensity effect of each sector in Beijing has a negative impact on energy efficiency at the same time learned from the data analysis during 2010-11. In general, energy consumption in Beijing during 2010-11 diminished from 23.70 million to 21.97 million tons, an increase of -7.32%, while According to further analysis, we can see that energy consumption in Hebei will continue to rise while Beijing and Tianjin see their respective increases by the large margin in GDP on the basis of the reduction of energy consumption. Therefore, in order to boost the overall energy efficiency in the BTH region, we ought to focus on guaranteeing the sharp growth of GDP in Hebei on the premise of cutting down energy consumption rather than raising GDP at the expense of enormous energy consumption.
Economic Output Effect
Economic output effect, i.e., per capita GDP effect, adequately measures the production capacity per capita as well as services from a country or region. It incarnates not only rapid national economic development, but also the average living level of people. The detailed impact of economic output effect on energy efficiency in various areas is portrayed in Fig. 9 . It is apparent that economic output effect represents the positive driving force on energy efficiency in different regions in the course of 2005-12, improving regional energy efficiency immediately.
Integrating Table 3 with Fig. 3 , we can be aware of economic output effect, which is not only the primary positive driving force on energy efficiency in the BTH region with contribution value of 0.3807, but also the leading positive driving force in Hebei (0.5411) and Tianjin (0.3264). However, carbon productivity effect is the principal positive driving force in Beijing, followed by the reciprocal effect per capital energy consumption (0.1767), economic output effect (0.2608), and carbon emission coefficient effect (0.0333). Fig. 9 demonstrates that economic output effect produces the positive driving function on energy efficiency in each area during 2005-12, in which Beijing possesses the uppermost economic output effect with the contribution value of 0.0586 during 2010-11, as does Tianjin (0.0688). Notwithstanding, the contribution value of economic output effect in Hebei only reaches 0.1007 during 2010-11 in spite of the largest contribution value of 0.1098 over the period of 2006-07. There is no doubt that these phenomena prevailingly brought about the largest economic output effect (0.0778) in the BTH region during 2010-11. In general, GDP in the BTH region increases at an average annual growth rate of 15.54% by the data analysis in the course of 2005-12, from 2,089.91 billion to 5744.71 billion yuan, while the corresponding population rises at an average annual growth rate of 1.91%, from 94.32 to 107.70 million. It is obvious that the growth rate of GDP in the BTH region is more than 8 times as much as that of population during 2005-12, which gives rise to economic output effect directly promoting the improvement of overall energy efficiency in the BTH region.
The increase of per capita GDP leads to a substantial increase in energy consumption immediately based on the analysis of economic output effect, which is exactly one of the significant factors for laying down measures to boost energy efficiency in the BTH region we must take into consideration.
Reciprocal Effect per Capital Energy Consumption
Reciprocal effect per capital energy consumption refers to the share of the population accounting for energy consumption of every sector from the area, which conveys indirectly the influence of per capita energy consumption on regional energy efficiency. Fig. 10 expresses clearly and forcibly the impact of reciprocal effect per capital energy consumption on energy efficiency in diverse provinces. We can acknowledge that reciprocal effect per capital energy consumption exerts the negative impact on energy efficiency in Beijing over the period of 2005-07 and 2008-09, which states the growth rate of the population being lower than that of energy consumption, whereas it is the positive driving force during 2007-08 and 2009-12. Furthermore, the population rose from 19.62 million to 20.69 million in Beijing during 2010-12, an average annual growth rate of 2.70%, while energy consumption was reduced from 23.70 million to 20.65 million tons with an average annual growth rate of -6.66%, accordingly. It is undeniable that energy consumption is drastically reduced on the basis of everincreasing population on the scope of 2010-12, taking it for granted that the reciprocal effect per capital energy consumption has a positive impact on energy efficiency in Beijing.
In addition, reciprocal effect per capital energy consumption presented negative characteristics of energy efficiency in Tianjin during 2005-10, while it was negative in Hebei in 2006-12. There is no denying the fact that increment speed of population in Tianjin and Hebei is considerably below energy consumption. It's not difficult to find that energy consumption in Hebei keeps constantly growing with an average annual growth rate of 5.53% over a period of 2006-12, from 106.51 million to 147.08 million tons. Thus, this means that what matters is to control continuously increasing energy consumption in Hebei.
Besides, the reciprocal effect per capital energy consumption produces a positive driving function on energy efficiency in Tianjin during 2010-12, while it was positive in Hebei in 2005-06. According to the data analysis, energy consumption rose from 23.33 million to 24.55 million tons with an average annual growth rate of 2.58% in Tianjin during 2010-12, when the population grew from 12.99 to 14.13 million at an average annual growth rate of 4.29%. We can see that the growth speed of population far exceeded energy consumption, which is the straightforward reason why the reciprocal effect per capital energy consumption has a positive impact on energy efficiency.
From the regional integration viewpoint, the impact of reciprocal effect per capital energy consumption on energy efficiency in the BTH region was negative during 2006-11, and yet was positive in 2005-06 and 2011-12, which illustrates that energy consumption unceasingly increased during 2006-11 in the BTH region. Seen from data analysis, the population grew from 95.74 to 106.14 million with an average annual growth rate of 2.08% in the course of 2006-11 in the BTH region, while the corresponding energy consumption rises at an average annual growth rate of 5.63% -from 147.29 to 193.68 million tons. It is clear that the growth speed of energy consumption was about 2.7 times as much as that of population on the scope of 2006-11 in the BTH region, making sure that the reciprocal effect per capital energy consumption exerts a negative influence on energy efficiency in the BTH region straightway so as to restrain the improvement of energy efficiency.
In accordance with the analysis of reciprocal effect per capital energy consumption, there is no doubt that we must focus on governing ever-increasing energy consumption in Hebei in order to enhance overall energy efficiency in the BTH region.
Sector Analysis Table 4 reveals the different influences of six sectors on energy efficiency in various provinces. Apparently, agriculture in Beijing and Tianjin plays a positive role in energy efficiency, which mirrors agriculture having the power to boost regional energy efficiency. In contrast, agriculture in Hebei emerges as a negative driving force on energy efficiency, mainly because the GDP adds from 140 billion to 318.67 billion yuan in Hebei during 2005-12 with an average annual growth rate of 12.47% when energy consumption rises at the average annual growth rate of 21.56%, from 0.98 million to 3.86 million tons, leading to low energy efficiency owing to the dependency of agricultural development on a mountain of energy consumption.
Industry appears to be a positive driving function on energy efficiency in different provinces notwithstanding, compared with remaining sectors, and we can see that industry holds an extremely small contribution value regarding energy efficiency. It declares that Industry brings about wholesale economic output by relying on a large amount of energy consumption, which is not conducive to improving overall energy efficiency. Long run leftovers, it is necessary for industry to prompt technological innovation and depend on science and engineering so that we can consume as little energy as possible on the premise of the guarantee of economic benefit. The positive driving force from construction on energy efficiency in Beijing and Hebei accounts for that energy consumption in construction bringing about considerable economic benefits, which is beneficial to boosting energy efficiency. However, construction in Tianjin has a negative contribution value on energy efficiency. To be more specific, energy consumption of construction in Tianjin added from 0.38 million to 1.61 million tons with an average annual growth rate of 23.07%, while GDP rose at an average annual growth rate of 17.29%, from 17.71 billion to 54.08 billion yuan in 2005-12 based on data analysis. Thus we can see that the rapid development of construction in Tianjin relies on a great deal of energy consumption resulting in low-lying energy efficiency.
In addition, transportation, storage, postal services, wholesale retail trade, and food services and others have a positive impact on energy efficiency in diverse areas. Nonetheless, it is evident that transportation, storage, and postal services have the lowest contribution value in each region. Meanwhile, this reflects that transportation, storage, and postal services in every region still can be improved, which is to say we must ensure growth of GDP in transportation, storage, and postal services on the basis of reducing energy consumption to improve overall energy efficiency. On the contrary, wholesale retail trade, food services, and others have relatively high contribution values, which illustrates that the growth rate of economic output far surpasses that of energy consumption in these sectors, that is, these sectors have the ability to boost overall energy efficiency. Thus, we can sum up that the drastic expansion of tertiary industry can improve overall energy efficiency to a large extent.
As we all know, various industrial structures possess their own specific influence on energy efficiency from diverse provinces. It is apparent that the more reasonable an industrial structure is, the greater the regional energy efficiency. Table 4 describes the impact of different sectors in various regions on energy efficiency in detail. Besides, the specific influence of six sectors on the overall energy efficiency in the BTH region is depicted in Fig. 11 , in which we can find that other sectors with a contribution value of 0.1404 impersonates the leading positive driving force on the overall energy efficiency in the BTH region, followed by wholesale retail trade, food services (0.1199), construction (0.0166), industry (0.0067) transportation, storage, and postal services (0.0021), while agriculture (-0.0129) has a negative impact.
Combining Table 4 with Fig. 11 makes it clear that each sector in Beijing exerts a positive driving function on energy efficiency. Apart from construction, the remaining sectors in Tianjin produce a positive driving force on energy efficiency, whereas most sectors in Hebei play positive roles on energy efficiency except for agriculture. Furthermore, the majority of sectors in the BTH region have positive impacts on energy efficiency, excluding agriculture.
Due to industry characteristics, wholesale retail trade, food services, and other sectors have high energy efficiency. We can easily know that industry and transportation present very small contribution values on energy efficiency due to the low energy utilization efficiency in spite of a huge array of energy consumption.
In the future, we should put special stress on regulating industry and transportation, storage, and postal services in each province on account of their own characteristics in every sector, speeding up the industrial structure adjustment so as to boost overall energy efficiency in the BTH region.
In accordance with factor decomposition, this research computes the overall contribution values of diverse factors on energy efficiency in the BTH region in the scope of 2005-12. On the whole, the total effect of economic output, carbon productivity, carbon emission coefficient, and energy structure produces a positive driving force on overall energy efficiency in the BTH region, whereas the total effect of energy intensity and reciprocation of per capita energy consumption plays a negative role. As is demonstrated in Fig. 12 , economic output effect is the primary driver on energy efficiency with a proportional contribution of 139.57%, followed by carbon productivity effect (94.55%), carbon emission coefficient effect (5.45%), and energy structure effect (2.85%). In contrast, energy intensity effect -whose contribution reaches -107.00% -presents the leading negative impact, while the reciprocal effect of per capita energy consumption (-35.42%) is the next in importance.
Conclusions and Policy Implications
This research aims at identifying the cardinal impact factors governing energy efficiency in the BTH region so as to come up with an array of related policy recommendations on boosting energy efficiency. We break down energy efficiency into carbon productivity effect, carbon emission coefficient effect, energy structure effect, energy intensity effect, economic output effect, and the reciprocal effect of per capita energy consumption by adopting LMDI additive decomposition. More specifically, the impact factors governing energy efficiency in the BTH region of China comprise a thorough inquiry from different sectors and various regions. There is only a little literature on decomposition analyses of energy efficiency in the BTH region. Notwithstanding at present, this research makes a significant contribution to providing comprehensive knowledge in this field, especially when involved with different sectors and various parts of the BTH region.
Based on the decomposition analysis of energy efficiency in the BTH region within the scope of 2005-12, we can summarize certain empirical conclusions. 1. Energy efficiency appears as an annual increase in the basic tendency in all regions, including Beijing, Tianjin, and Hebei during 2005-12. In particular, energy efficiency in Beijing emerges with the fastest growth, followed by Tianjin and Hebei. Therefore, it can be drawn that we ought to stress Hebei in order to improve the overall energy efficiency in the BTH region.
The results indicate that different factors in various
regions exert a diverse impact on energy efficiency by making decomposition on energy efficiency in Beijing, Tianjin, and Hebei, respectively. For instance, the carbon productivity effect acts as a top-drawer positive driver on energy efficiency in Beijing, followed by a reciprocal effect per capital energy consumption, economic output effect, and carbon emission coefficient effect, while energy intensity effect is the primary negative driving force on energy efficiency, and energy structure effect pertains to the next in importance as well.
In addition, economic output effect impersonates the leading positive driving function on energy efficiency in Tianjin, followed by carbon productivity effect, energy structure effect and carbon emission coefficient effect. In contrast, energy intensity effect produces the overriding positive driving action on energy efficiency, followed by reciprocal effect per capital energy consumption.
Besides, economic output effect has the principal positive impact on energy efficiency in Hebei, followed by energy structure effect and carbon productivity effect, whereas reciprocal effect per capital energy consumption is the cardinal negative driver, energy intensity effect, and carbon emission coefficient effect following. 3. Generally speaking, from a regional integration aspect, economic output effect played a paramount role on overall energy efficiency in the BTH region during 2005-12, followed by carbon productivity effect, carbon emission coefficient effect, and energy structure effect. On the contrary, energy intensity effect is the foremost negative driving force, while reciprocal effect per capital energy consumption is not far behind. 4. From a sector standpoint, we can see that each sector plays a positive part in energy efficiency in Beijing by analyzing the impact of six sectors on energy efficiency in different regions during 2005-12. Meanwhile, construction in Tianjin has a negative impact on energy efficiency, as does agriculture in Hebei. Furthermore, other sectors exert the most significant positive impact on overall energy efficiency in the BTH region, followed by wholesale retail trade, food services, construction, industry, transportation, storage, and postal services, while agriculture is just the opposite.
Eventually, we came up with a few pertinent recommendations as follows: 1. The Chinese government ought to try its best to break down regional protectionism, build a government management mechanism for BTH regional integration, step up industrial cooperation in the BTH region, and encourage the attraction of investments in the region so as to collectively achieve economic integration. 2. China must quicken the pace toward modulating the industrial structure in the BTH region. In view of the situation that coal is the dominating source of energy consumption, followed by oil (while natural gas occupies the smallest proportion), we should focus on improving the proportion of clean energy consumption. In addition, the Beijing government must make more efforts to expand energy import and encourage largescale use of natural gas in order to strictly control coal consumption. Tianjin province should take advantage of its oil resources to boost the use of clean energy by applying a petrolic conversion technology so that coal consumption has a chance to decrease continuously. Meanwhile, Hebei province, as the primary area in the production and consumption of coal, has an obligation to popularize natural gas on a large scale by introducing the natural gas technology of Beijing and reducing the low-efficiency way of direct coal-burning for restraining coal consumption in order to improve energy efficiency from origin. 3. Due to resource-intensive industry as the leading industry in the BTH region, Hebei and Tianjin had better lay emphasis on strengthening rectification in heavy energy-consumption enterprises, developing new industries and speeding up industrial restructuring. Hebei ought to undertake transferring industry of Beijing and Tianjing rationally. At the same time, the country should provide certain timely financial assistance to Hebei to better develop modern agriculture. According to the respective characteristics of different provinces, it is apparent that Beijing should pay attention to the tertiary industry while Tianjin and Hebei had better put special stress on modern manufacturing industry. But in the long term, if we intend to boost overall energy efficiency, we should emphasize prompting technological innovation in industry and transportation, storage, and postal services so that we can consume as little energy as possible on the basis of the guarantee of great economic benefit. 4. The government is duty-bound to strengthen its efforts on energy conservation and emission reduction and green procurement so as to drive the consumption of clean and highly efficient products by an act of government procurement, such as the extensive utilization of clean-energy vehicles, the generalization of high-efficiency electrical equipment, and the execution of building energy management, etc.
